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We Claim: 



1. An isolated polynucleotide comprising a nucleic acid segment encoding a human/ 
PAPS synthetase, said nucleic acid segment having a nucleotide sequence of (SEQ. ID. NO.:l^ a 
nucleotide sequence complementary thereto, a degenerate coding sequence thereof, fix a 
gene-specific fragment of any of these. f 

2. The polynucleotide of Claim 1, wherein the nucleic acid segment is a 
gene-specific fragment comprising the nucleotide sequence of (SEQ/1D. NO.:9). 

3. The polynucleotide of Claim 1, wherein the nucleic acid segment/is a DNA. 

4. The polynucleotide of Claim 1, wherein the nucleic acid segment is an RNA. 

5. The polynucleotide of Claim 1, wherein the nucleic acid segment is a chimeric 
RNA/DNA. / 

6. A nucleic acid construct comprising a nucleic acid sdgment comprising: 

(A) a nucleotide sequence of (SEQ. ID. NO.:l), a nucleotide sequence complementary 
thereto, a degenerate coding sequence thereof, or a gene-specific fragment of any of these, or 

(B) a nucleic acid segment encoding a humaryPAPSS2 protein having an amino acid 
sequence of (SEQ. ID. NO.: 7). /~\ / 

7. The nucleic acid construct of Claim6, wherein the nucleic acid segment has the 
nucleotide sequence of (SEQ. ID. NO.:9) or a ^equence complementary thereto. 

8. The nucleic acid construcroKClaim 6, wherein the nucleic acid segment is a 
probe or / — ^ 

primer. / 

9. The nucleic aciji construct of Claim 6, wherein the nucleic acid segment is a 
DNA. / 

10. The nucleic acid construct of Claim 6, wherein the nucleic acid segment is an 
RNA. / 

11. The riucleic acid construct of Claim 6, wherein the nucleic acid segment is a 
chimeric RNA/DNA 

12. 2lie nucleic acid construct of Claim 6, wherein the nucleic acid segment is cloned 
into an expression vector. 

13/ The nucleic acid construct of Claim 8, wherein the nucleic acid segment has a 
nucleotide sequence comprising 5-TGGACCAAGGATGACGATGT-3 ' (SEQ. ID. NO.: 3), a 
complementary nucleotide sequence, or a PAP552-specific sequence overlapping either of these 
at 5 or more contiguous nucleotides at its 5' or 3' end. 
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14. The nucleic acid construct of Claim 8, wherein the nucleic acid segment has a 
nucleotide sequence comprising 5 -CGGAAAG ATGGC AAC AATGG (SEQ. ID. NO.: 4)/a 
complementary nucleotide sequence, or a /MPiXS^-specific sequence overlapping either of/fhese 
at 5 or more contiguous nucleotides at its 5' or 3' end. / 

15. The nucleic acid construct of Claim 8 5 wherein the nucleic acid segment has a 
nucleotide sequence comprising 5 '-CTGGTGCTGGAAAA AC AACG-3 ' (SEQ. /ID. NO.: 5), a 
complementary nucleotide sequence, or a iMP^^-specific sequence overlapping either of these 
at 5 or more contiguous nucleotides at its 5* or 3* end 

16. The nucleic acid construct of Claim 8, wherein the nudleic acid segment has a 
nucleotide sequence comprising 5 '-TGCGAATGG AG AA AT A AAGCTG (SEQ. ID. NO.: 6), a 
complementary nucleotide sequence, or a PAPSS2-specific sequence overlapping either of these 
at 5 or more contiguous nucleotides at its 5' or 3' end 

17. An isolated polynucleotide comprising a iur6leic acid segment encoding a murine 
PAPS synthetase, said nucleic acid segment having a nucleotide sequence of (SEQ. ID. NO.:2), a 
nucleotide sequence complementary theret^, aj^generate coding sequence thereof, or a 
gene-specific fragment of any of these. 

18. The polynucleotide of Claim \J/7^ wherein the nucleic acid segment is a 
gene-specific fragment comprising the nucleotide sequence of (SEQ. ID. NO.: 10). 

19. The polynucleotide of£laim 17, wherein the nucleic acid segment is a DNA. 
The polynucleotide >6f Claim 17, wherein the nucleic acid segment is an RNA. 
The polynucleotide of Claim 17, wherein the nucleic acid segment is a chimeric 



20. 
21. 

RNA/DNA. 

22. 



A nucleic a#id construct, comprising a nucleic acid segment comprising: 
(A) a nucleotide sequence of (SEQ. ID. NO.:2), a nucleotide sequence 
complementary theretq/ a degenerate coding sequence thereof, or a gene-specific fragment of any 
of these; or 

(B^ a nucleic acid segment encoding a human PAPSS2 protein having an amino 
acid sequence of (SEQ. ID. NO.:8) 

23. / The nucleic acid construct of Claim 22, wherein the nucleic acid segment is a 
gene-specific fragment having the nucleotide sequence of (SEQ. ID. NO.: 10). 

^. The nucleic acid construct of Claim 22, wherein the nucleic acid segment is a 
probe qx primer. 

25. / The nucleic acid construct of Claim 22, wherein the nucleic acid segment is a DNA. 
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26. The nucleic acid construct of Claim 22, wherein the nucleic acid segment is 

RNA. 

27. The nucleic acid construct of Claim 22, wherein the nucleic acid segment 7 is a 
chimeric RNA/DNA. / 

28. An oligonucleotide primer for amplifying a PAPSS2-specific nucleic acid 
segment, comprising: / 

(A) (SEQ. ID. NO.:3), (SEQ. ID. NO.:4), (SEQ. ID. NO.:5), (SEQ. W. NO.:6), (SEQ. 
ID. NO.:ll), (SEQ. ID. N0.12), (SEQ. ID. NO. 13), (SEQ. ID. NO :14)y(SEQ. ID. NO.:15), 
(SEQ. ID. NO.:16) s (SEQ. ID. NO.:17), (SEQ. ID. NO .18), or (SEQ. ID / KK).:28); 

(B) a nucleotide sequence complementary to (A); / 

(C) a PAPSS2-specific fragment of (A) or (B) at least 15 nucleotides long; or 

(D) a PAPSS2-spscific nucleotide sequence overlapping at 5 or more contiguous 
nucleotide positions any sequence of (A) or (B) at its 5* or 3/6nd. 

29. An oligonucleotide primer for ampHfcing a Papss 2-specific nucleic acid segment, 
comprising : / Y 

(A) (SEQ. ID. NO.: 19), (SEQ ID. NO/^0), (SEQ. ID. NO.:21), (SEQ. ID. NO.:22), 
(SEQ. ID. NO.:23), (SEQ. ID. NO.:24), (SE^TO^NO^, (SEQ. ID. N0.26), or (SEQ. ID 
NO.:27); / 

(B) a nucleotide sequence complementary to (A); 

(C) a, Papss 2-spGcific fragmertt of (A) or (B) at least 15 nucleotides long; or 

(D) a Papss 2-specific fmcleotide sequence overlapping at 5 or more contiguous 
nucleotide positions any sequeifce of (A) or (B) at its 5' or 3* end. 

30. A pair of oligonucleotide primers comprising a forward and a reverse primer, said 
pair capable of producmg detectable nucleic acid amplification products having: 

(A) (SEQ. n/NO.:l) or (SEQ ID NO :9); 

(B) a nucleotide sequence complementary to (A); or 

(C) a PAPSS2 gene-specific fragment of (A) or (B). 

31. / The pair of oligonucleotide primers of Claim 30, wherein 

the forward primer has a nucleotide sequence comprising 5-TGGACCAAGGATGACGATGT-3' 
(SEQ. ID*. NO.: 3), a complementary nucleotide sequence, or a PAPSS2-sp$cif\c fragment of 
either of these at least 15 nucleotides long; and 

/ the reverse primer has a nucleotide sequence comprising 
5'-CGGAAAGATGGCAACAATGG-3' (SEQ. ID. NO.: 4), a complementary nucleotide 
sequence, or a PAPSS^-specific fragment of either of these at least 15 nucleotides long. 
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32. The pair of oligonucleotide primers of Claim 30, wherein 

the forward primer has a nucleotide sequence compnsjtfg 
5 ' -CTGGTGCTGG AA A A AC A ACG-3 1 (SEQ. ID. NO.: 5), a complementary sequence/br a 
PAPSS2-specific fragment of either at least 15 nucleotides long; and 

the reverse primer has a nucleotide sequence comprising 5'-TGCGAATGGAGAAATA 
AAGCTG-3' (SEQ. ID. NO.: 6), a complementary sequence, or a, PAPSS 2-specjfic fragment of 
either at least 15 nucleotides long. 

33. The pair of oligonucleotide primers of Claim 30, wherein 
the forward primer comprises: 

(A) (SEQ. ID. NO.:3), (SEQ. ID. NO.:5), (SEQ. ID. NO.: / H), (SEQ. ID. NO.:12), or 
(SEQ. ID. NO : 13); 

(B) a nucleotide sequence complementary to any of {A\f 

(C) a gene-specific fragment of (A) or (B) at least ^nucleotides long; or 

(D) a PAPSS2-specific nucleotide sequence/overlapping at 5 or more contiguous 
nucleotide positions any sequence of (A) or (B) yat it^p' or 3' end; and 

a reverse primer comprising: 

(E) (SEQ. ID. NO.:4),(SEQ. ID. NoJ&)rt$EQ. ID. NO .14), (SEQ. ID. NO .15), (SEQ. 
ID. NO.:16), (SEQ. ID. NO.: 17), or (SEQ. ID. NO.:18)T 

(F) a nucleotide sequence complementary to any of (E); 

(G) a Pv4i J 5S'2-specific fragment of (E) or (F) at least 15 nucleotides long; or 

(H) a iMPSS^-specific inicleotide sequence overlapping at 5 or more contiguous 
nucleotide positions any sequer^e of (E) or (F) at its 5* or 3' end. 

P nucleotide primers comprising a forward and a reverse primer, said 
stable nucleic acid amplification products having: 
or (SEQ. ID. NO : 10); 
rice complementary to (A); or 
sific fragment of (A) or (B). 
gonucleotide primers of Claim 34, wherein 
>, (SEQ. ID. NO.:22), (SEQ. ID. NO.:23) 9 or (SEQ. ID. NO.:27); 
rice complementary to any of (A); 
xagment of (A) or (B) at least 15 nucleotides long; or 
c nucleotide sequence overlapping at 5 or more contiguous 
nee of (A) or (B) at its 5* or 3' end; and 
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the reverse primer comprises: 

(E) (SEQ. ID. NO.: 19), (SEQ. ID. NO.:21), (SEQ. ID. NO.:24), (SEQ. ID. NO . 25), 
(SEQ. ID. NO . 26); 

(F) a nucleotide sequence complementary to any of (E); 

(G) aPtfps^-specific fragment of (E) or (F) at least 15 nucleotides long; or 

(H) a Papss 2-spsciflc nucleotide sequence overlapping at 5 or mgre contiguous 
nucleotide positions any sequence of (E) or (F) at its 5* or 3' end. 

36. The pair of oligonucleotide primers of Claim 34, wherein 
the forward primer has a nucleotide sequence comprising /SEQ. ID, NO.:20) 5 a 

complementary nucleotide sequence, a gene-specific fragment of ^fther of these at least 15 
nucleotides long; and 

the reverse primer has a nucleotide sequence coirfprising (SEQ. ID. NO.:21) s a 
complementary nucleotide sequence, or a gene-specific fragment of either of these at least 15 
nucleotides long. 

37. A genetically modified vertebrat6 cellJ6omprising the nucleic acid construct 



of Claim 6. 
38. 

of Claim 12 
39. 
40. 
41. 



A genetically modified vertebraffiji^fll comprising the nucleic acid construct 



A non-human vertebrate^omprising the cell of Claim 37. 
A non-human vertebrate comprising the cell of Claim 38. 

An isolated PAPS^synthetase protein comprising a polypeptide having an amino 
acid / 

sequence of (SEQ. ID. NO/7), (SEQ. ID. NO.:8), or an antibody binding fragment of either of 
these at least 6 amino acids long. 

42. A PAPSS2 fusion protein, comprising: 

a first PAPSS2 polypeptide segment comprising an amino acid sequence of (SEQ. ID. 
NO : 7) or a gene-specific antibody binding fragment thereof at least 6 amino acids long; and 
a second predetermined polypeptide segment. 

43. / The fusion protein of Claim 42, wherein the PAPSS2 polypeptide segment is 
encoded bjf a nucleic acid segment having a nucleotide sequence of (SEQ. ID. NO.:9) or a 
gene-specific fragment thereof. 

/44 A Papss2 fusion protein comprising: 
/ a first Papss2 polypeptide segment comprising an amino acid sequence of (SEQ. ID. 
NO : 8) or a gene-specific antibody binding fragment thereof at least 6 amino acids long; and 
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a second predetermined polypeptide segment. 

45. The fusion protein of Claim 44, wherein the Papss2 polypeptide segment 
encoded by a nucleic acid segment having a nucleotide sequence of (SEQ. ID. NO.:10) 3/ tfr a 
gene-specific fragment thereof 

46. A method of diagnosing spondyloepimetaphyseal dysplasia in a humar^ubject, 
comprising: 

a) amplifying a nucleic acid segment from a sample of a bodily sut^tance containing 
human nucleic acid, said sample being derived from a human subject having^ least one symptom 
of spondyloepimetaphyseal dysplasia, said nucleic acid segment defining/a sequence from human 
chromosomal region 10q23-24, between microsatellite markers D1^S1143 and D10S2470, to 
produce amplification products; and 

b) analyzing the amplification products for the presence of homozygosity for a variant 
allele of a PAPSS2 gene, the presence of homozygosity' for the variant allele of the gene 
corroborating a diagnosis of spondyloepimetophys€aMy^plasia in the human subject. 

47. The method of Claim 46, wterein/the sample is of blood, hair root, urine, 
amniotic fluid, spinal fluid, skin, vascular epithefiigfL oral epithelium, or chorionic villus. 

48. The method of Claim 46, wherein an^ligonucleotide primer is used to amplify 
the nucleic acid segment. 

49. The method of Claim 4&, wherein the oligonucleotide primer has a nucleotide 
sequence of 5 -TGGAC C AAGG ATG ACGATGT-3 ' (SEQ. ID. NO.:3), 5 -CGGA AAG ATGGC 
AACAATGG-3' (SEQ. ID. N0^4), a sequence complementary to either, a iMPSS2-specific 
nucleotide sequence at least/05 nucleotides long and overlapping at 5 or more contiguous 
nucleotide positions of any/of these at its 5' or 3' end, or a /Mi^SS^-specific fragment of any of 
these at least 15 nucleotkfes long. 

50. The rafethod of Claim 48, wherein the oligonucleotide primer has a nucleotide 
sequence of 5 , -CTj3GTGCTGGAAAAACAACG-3' (SEQ. ID. NO 5), 5 '-TGCGAATGGAG A A 
ATAAAGCTG^(SEQ. ID. NO.: 6), a sequence complementary to either, a /MPSSi-specific 
nucleotide sequence at least 15 nucleotides long and overlapping at 5 or more contiguous 
nucleotide<positions of any of these at its 5' or 3' end, or a PAP552-specific fragment of any of 
these least 15 nucleotides long. 

5 1 . The method of Claim 46, wherein the variant allele is characteristic of SEMD 
istani-type. 

52. A method of diagnosing spondyloepimetaphyseal dysplasia Pakistani-type in a 
human subject, comprising: 
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a) amplifying a nucleic acid segment from a sample of a bodily substance containing/ 
human nucleic acid, said sample being derived from a human subject having at least one symptom 
of spondyloepimetaphyseal dysplasia Pakistani-type, said nucleic acid segment defining a 
sequence from human chromosomal region 10q23-24, between microsatellite markers DJ / 0S1143 
and D10S2470, to produce amplification products; and 

b) analyzing the amplification products for the presence of homozygosity for a variant 
allele of a gene encoding a PAPS synthetase, said variant allele defining a sto^codon instead of a 
serine codon corresponding to amino acid residue 475 of SEQ. ID. N0(:7, the presence of 
homozygosity for the variant allele corroborating a diagnosis o£/spondyloepimetaphyseal 
dysplasia Pakistani-type in the human subject. 

53. The method of Claim 52, wherein the sampk^is of blood, hair root, urine, 
amniotic fluid, spinal fluid, skin, vascular epithelium, oral epithelium, or chorionic villus. 

54. The method of Claim 52, wherein an olige^cjeotide primer is used to amplify the 
nucleic acid segment. 

55. The method of Claim 52, wherein\tf^yligonucleotide primer has a nucleotide 
sequence of 5 , -TGGACCAAGGATGACGATGT^'(SfeQ^p. NO 3), 5'-CGGAAAGATGGC 
AACAATGG-3* (SEQ. ID. NO.:4), a sequphce complementary to either, a PAPSS2-spQcific 
nucleotide sequence at least 15 nucleotides long and overlapping at 5 or more contiguous 
nucleotide positions of any of these at/its 5' or 3' end, or a PAPSS2-speciflc fragment of any of 
these at least 15 nucleotides long. 

56. The method of Q&im 52, wherein the oligonucleotide primer has a nucleotide 
sequence of 5'-CTGGTGCTGGAAAAACAACG-3' (SEQ. ID. NO 5), 5 '-TGCGAATGGAG AA 
AT AA AGCTG-3 * (SEQ. ID. NO .6), a sequence complementary to either, a iMPSS^-specific 
nucleotide sequence at/least 15 nucleotides long and overlapping at 5 or more contiguous 
nucleotide positions ox any of these at its 5' or 3' end, or a PAPSS2-spQcific fragment of any of 
these at least 15 nucleotides long. 

57. A method of diagnosing spondyloepimetaphyseal dysplasia Pakistani-type in a 
human subject/ comprising: 

a) amplifying a nucleic acid segment from a sample of a bodily substance containing 
human nucleic acid, said sample being derived from a human subject having at least one symptom 
of spondyloepimetaphyseal dysplasia Pakistani-type, said nucleic acid segment defining a 
sequence from human chromosomal region 10q23-24, between microsatellite markers D10S1143 
and/D10S2470, to produce amplification products, using at least one oligonucleotide primer 
^ving a sequence that comprises (SEQ. ID. NO.: 3), (SEQ. ID. NO.:4), (SEQ. ID. NO.:5), (SEQ. 
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ID. NO.:6), a sequence complementary to any of these, a PAPSS2-specific nucleotide sequence 
least 15 nucleotides long and overlapping at 5 or more contiguous nucleotide positions of any/6f 
these at its 5' or 3' end, or a /MPSS^-specific fragment of any of these at least 15 nucleotideylong; 
and 

b) analyzing the amplification products for the presence of homozygosity fgfc a variant 
allele of a gene encoding a PAPS synthetase, said variant allele defining a stop coddn instead of a 
serine codon corresponding to amino acid residue 475 of SEQ. ID. NO.:7/the presence of 
homozygosity for the variant allele corroborating a diagnosis of spj^ndyloepimetaphyseal 
dysplasia Pakistani-type in the human subject. 

58. The method of Claim 57, wherein analyzing the amplification products comprises 
digesting the amplification products with a Hinc II restriction endemuclease. 

59. The method of Claim 57, wherein the samples blood, hair root, urine, amniotic 
fluid, spinal fluid, skin, vascular epithelium, oral epkheliuirf, or chorionic villus. 

60. A method of identifying a humrin cariji^f of an heritable allele associated with 
spondyloepimetaphyseal dysplasia, comprising 

a) amplifying a nucleic acid segments^foni a sample of a bodily substance containing 
human nucleic acid, said sample being derived ffbrn^a hmrian subject without a symptom of 
spondyloepimetaphyseal dysplasia, said rfucleic acid segment defining a sequence from human 
chromosomal region 10q23-24, betvy^en microsatellite markers D10S1143 and D10S2470, to 
produce amplification products; 

b) analyzing the amplification products for the presence of a variant allele of a gene 
encoding a PAPS synthetase; the presence of the variant allele of the gene identifying the human 
subject as a carrier of an heritable allele associated with spondyloepimetaphyseal dysplasia. 

61. The rn^thod of Claim 60, wherein the sample is of blood, hair root, urine, 
amniotic fluid, spinal fluid, skin, vascular epithelium, oral epithelium, or chorionic villus. 

62. ylne method of Claim 60, wherein an oligonucleotide primer is used to amplify 
the nucleic ac*a segment. 

63/ The method of Claim 62, wherein the oligonucleotide primer has a nucleotide 
sequence of 5*-TGGACCAAGGATGACGATGT-3' (SEQ. ID. NO :3), 5 '-CGGAAAG ATGGC 
AACXaTGG-3' (SEQ. ID. NO.:4), a sequence complementary to either, a PAP5S2-specific 
nucleotide sequence at least 15 nucleotides long and overlapping at 5 or more contiguous 
^cleotide positions of any of these at its 5* or 3' end, or a iMi 5 552-specific fragment of any of 
lese at least 15 nucleotides long. 

64. The method of Claim 62, wherein the oligonucleotide primer has a nucleotide 
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sequence of 5'-CTGGTGCTGGAAAAACAACG-3' (SEQ. ID. NO.:5), 5 '-TGCGAATGGAGAA/ 
ATAAAGCTG-3' (SEQ. ID. NO.:6), a sequence complementary to either, a PAPSS2-speciftc 
nucleotide sequence at least 15 nucleotides long and overlapping at 5 or more contiguous 
nucleotide positions of any of these at its 5 1 or 3' end, or a PAPSS2-specific fragment of'any of 
these at least 15 nucleotides long. / 

65. The method of Claim 61, wherein the variant allele is characteristic pf 
spondyloepimetaphyseal dysplasia Pakistani-type. / 

66. A method of identifying a human carrier of an heritable allele Associated with 
spondyloepimetaphyseal dysplasia Pakistani-type, comprising: / 

a) amplifying a nucleic acid segment from a sample of a bojiily substance containing 
human nucleic acid, said sample being derived from a human subject without a symptom of 
spondyloepimetaphyseal dysplasia Pakistani-type, said nucleic acia segment defining a sequence 
from human chromosomal region 10q23-24, between mi^osatellite markers D10S1143 and 
D10S2470, to produce amplification products; and 

b) analyzing the amplification products /for th^presence of homozygosity for a variant 
allele of a gene encoding a PAPS synthetase, saia^mant allele defining 

a stop codon instead of a serine codon corresponding^ amino acid residue 475 of SEQ. ID. 
NO.:7, the presence of the variant allele of tHe gene identifying the human subject as a carrier of 
an heritable allele associated with spondyloepimetaphyseal dysplasia Pakistani-type. 

67. The method of Claim 66, wherein the sample is blood, hair root, urine, 
amniotic fluid, spinal fluid, skin, vascular epithelium, oral epithelium, or chorionic villus. 

68. The method of ^laim 66, wherein an oligonucleotide primer is used to amplify 
the nucleic acid segment. 

69. The method of Claim 68, wherein the oligonucleotide primer has a nucleotide 
sequence of 5 '-TGGACG?AAGG ATGACG ATGT-3 1 (SEQ. ID. NO.:3), 5 '-CGGAAAGATGGC 
AACAATGG-3* (SEgf ID. NO.:4), a sequence complementary to either, a P^LPSS^-specific 
nucleotide sequent at least 15 nucleotides long and overlapping at 5 or more contiguous 
nucleotide positions of any of these at its 5' or 3' end, or a PAPSS2-spec\fic fragment of any of 
these at leasj/15 nucleotides long. 

The method of Claim 68, wherein the oligonucleotide primer has a nucleotide 
sequence of S-CTGGTGCTGGAAAAACAACG-S' (SEQ. ID. NO.:5), 5'-TGCGAATGGAGAA 
ATAAAGCTG-3 ' (SEQ. ID. NO.:6), a sequence complementary to either, a PAPSS2-spGcific 
nucleotide sequence at least 15 nucleotides long and overlapping at 5 or more contiguous 
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nucleotide positions of any of these at its 5' or 3' end, or a PAPSS2-specific fragment of any 
these at least 15 nucleotides long. 

7 1 . The method of Claim 66, wherein analyzing the amplification products comprises 
digesting the amplification products with a Hinc II restriction endonuclease. 

72. The method of Claim 66, wherein the sample is of blood, hah/ root, urine, 
amniotic fluid, spinal fluid, skin, vascular epithelium, oral epithelium, or chorionkT villus. 

73. A gene therapy method for treating a human subject having an osteoarthritic 
disorder, comprising: 

exposing a cell derived from a tissue of a human subject having at least one symptom of 
an osteoarthritic disorder that is caused or aggravated by deficient enzymatic sulfation activity to 
a gene delivery mixture comprising at least one gene delivery agent and a nucleic acid construct 
having a segment encoding a PAPS synthetase protein comprising an amino acid sequence of 
(SEQ. ID. NO.:7) or (SEQ. ID. NO.: 8), said c0rStrucj/being DNA and further comprising a 
promoter sequence, operable in the cell, op^ratrvpjfy linked in a transcriptional unit to the 
sequence encoding the PAPS synthetase proteii 

causing said nucleic acid construct to/be taKenup by, and released into, the cell so that 
said polynucleotide is incorporated intcx the genome of the cell, whereby expression of 
functional PAPS synthetase is enhanced4n the cell; and 

implanting the cell into the tissue of the human subject, whereby PAPS synthetase 
activity in said tissue is enhanced and at least one symptom of the osteoarthritic disorder in the 
human subject is improved. 



74. The gepe therapy method of Claim 73, wherein the osteoarthritic disorder is 
spondyloepimetaphys&al dysplasia, Stickler syndrome, spondyloepiphyseal dysplasia, 
achondrogenesis, achondroplasia, chondrodysplasia, diastrophic dysplasia, pseudoachondroplasia, 
or multiple epiphyseal dysplasia. 

75. / The gene therapy method of Claim 73, wherein the cell is a chondrocyte, 
hepatocyte^pithelial, or hemopoietic precursor cell. 

7j6. The gene therapy method of Claim 73, wherein the cell is a chondrocyte and the 
tissue comprises a cartilage-forming tissue. 

77. The gene therapy method of Claim 73, wherein the cell is a hemopoietic 
precursor cell and the tissue is bone marrow. 

78. The gene therapy method of Claim 73, wherein the cell is a hepatocyte, and the 
tissue is liver. 
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79. The gene therapy method of Claim 73, wherein the cell is an epithelial cell, and y 
the tissue is vascular epithelium. 

80. A gene therapy method for treating a human subject having an osteoarthritis 
disorder, comprising: 

exposing a cell derived from a tissue of a human subject having at least one symptom of 
an osteoarthritic disorder that is caused or aggravated by deficient enzymatic sulfation activity to 
a nucleic acid construct comprising a nucleic acid segment of a PAPSS2 .gene comprising a 
nucleotide sequence of (SEQ. ID. NO.:9), (SEQ. ID. NO.: 10), or a genp4pecific fragment of 
either of these, said construct being a chimeric RNA/DNA; 

causing said nucleic acid construct to be taken up by, and released into, the cell so that 
said nucleotide sequence is incorporated into the genome of th^cell, whereby expression of 
functional PAPS synthetase protein is enhanced in the cell; and, 

implanting the cell into the tissue of the human subject, whereby PAPS synthetase 
activity in said tissue is enhanced and at least one ^mpVcfm of the osteoarthritic disorder in the 
human subject is improved. 

81. The gene therapy method of Clihgfl&C), wherein the osteoarthritic disorder is 
spondyloepimetaphyseal dysplasia, Stickler / syndrom^. spondyloepiphyseal dysplasia, 
achondrogenesis, achondroplasia, chondrodysplasia, diastrophic dysplasia, pseudoachondroplasia, 
or multiple epiphyseal dysplasia. y 

82. The gene therapy methbd of Claim 80, wherein the cell is a chondrocyte, 
hepatocyte, epithelial, or hemopoietic^precursor cell. 

83. The gene therapy prfethod of Claim 80, wherein the cell is a chondrocyte and the 
tissue comprises a cartilage-formfing tissue. 

84. The gene therapy method of Claim 80, wherein the cell is a hemopoietic 
precursor cell and the tissue is bone marrow. 

85. The gepe therapy method of Claim 80, wherein the cell is a hepatocyte, and the 
tissue is liver. 

86. TJ*6 gene therapy method of Claim 80, wherein the cell is an epithelial cell, and 
the tissue is vascular epithelium. 

87. / A genetic testing kit for diagnosing SEMD in a human subject or for identifying a 
human easier of SEMD, said kit comprising an oligonucleotide primer(s) comprising: 

^A) a nucleotide sequence of (SEQ. ID. NO.:3), (SEQ. ID. NO. . 4), (SEQ. ID. NO.:5), 
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(SEQ. ID. NO . 6), (SEQ. ID. NO.: 11), (SEQ. ID. NO.: 12), (SEQ. ID. NO : 13), (SEQ. 
NO.:14), (SEQ. ID. NO.:15), (SEQ. ID, NO.:16), (SEQ. ID. NO.:17), (SEQ. ID. NO :18 y )for 
(SEQ. ID.NO.:28); 

(B) a nucleotide sequence complementary to (A); 

(C) a PAPSS2-spQcif\c fragment of (A) or (B) at least 15 nucleotides long; dr 

(D) a PAPSS2-specific nucleotide sequence at least 15 nucleotides long and overlapping 
at 5 or more contiguous nucleotide positions any sequence of (A) or (B) at its 5' or 3' end; and 

instructions for using the primer(s) in diagnosing SEMD in/a human subject or for 
identifying a human carrier of SEMD. 

88. A genetic testing kit for diagnosing spondyloepimetaphyseal dysplasia in a 
human subject or for identifying a human carrier of spondyloepimetaphyseal dysplasia, 
comprising the pairs of oligonucleotide primers of Claim 30; and 

instructions for using the primer(s) in^iagn^sing SEMD in a human subject or for 
identifying a human carrier of SEMD. 

89. A genetic testing kit for /diagnosing spondyloepimetaphyseal dysplasia in a 
human subject, or for identifying a hum2n\carrier of spondyloepimetaphyseal dysplasia, 
comprising the pair of oligonucleotide printers of Claim~33; and 

instructions for using the pryner(s) in diagnosing SEMD in a human subject or for 
identifying a human carrier of SEMI 

90. A kit for genetically modifying a vertebrate cell, comprising a polynucleotide 
that comprises a PAPSS2 sequence having (SEQ. ID. NOS.:l), a sequence complementary 
thereto, or a degenerate coding sequence thereof, or a gene-specific fragment of any of these; and 

instructions for using the polynucleotide for genetically modifying a vertebrate cell. 

91. The kiVof Claim 90, further comprising a gene delivery agent. 

92. The /Kit of Claim 90, wherein the polynucleotide further comprises a promoter 
sequence operativ^ly linked in a transcriptional unit to a nucleic acid segment encoding a PAPSS2 
protein having an amino acid sequence of (SEQ. ID. NO.:7). 

93. / The kit of Claim 90, wherein the polynucleotide is a chimeric RNA/DNA 

94. / A kit for genetically modifying a vertebrate cell, comprising a polynucleotide 
that composes a.Papss2 sequence having (SEQ. ID. NOS.:2), a sequence complementary thereto, 
or a degenerate coding sequence thereof, or a gene-specific fragment of any of these; and 

instructions for using the polynucleotide for genetically modifying a vertebrate cell. 

95. The kit of Claim 94, further comprising a gene delivery agent. 
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96. The kit of Claim 94, wherein the polynucleotide further comprises a promoter 
sequence operatively linked in a transcriptional unit to a nucleic acid segment encoding a PAPSS2 
protein having an amino acid sequence of (SEQ. ID. NO.:8). / 

97. An isolated antibody or antibody fragment, comprising an antibody or/antibody 
fragment that selectively binds a PAPS synthetase protein that has an amino acid /sequence of 
(SEQ. ID. NO.: 7) or (SEQ. ID. NO. 8), or that selectively binds an antibody binding fragment of 
either of these at least 6 amino acids long. 

98. The antibody or antibody fragment of Claim 97, wherein the^antibody is a 
monoclonal antibody. 

99. The antibody fragment of Claim 97, being a Fab 5 , F(<$')2, or F(v) 
fragment. 

100. The nucleic acid construct of Claim 6, further comprising a reporter gene. 

101 . The nucleic acid construct of Claim 22, fmtner comprising a reporter gene. 

102. The PAPSS2 fusion protein /of cWn 42, wherein the second polypeptide 
segment is an human immunodeficiency virus (TAT^rotein. 

103. The PAPSS2 fusion proteinV^giKlaim 43, wherein the second polypeptide 
segment is an human immunodeficiency virus TAT prfi 

104. A protein therapy method for treating a human subject having an osteoarthritic 
disorder, comprising: 

exposing a cell of a tissue y6f a human subject having an osteoarthritic disorder that is 
caused or aggravated by deficient enzymatic sulfation activity to a fusion protein comprising a 
first PAPSS2 polypeptide seginent that comprises an amino acid sequence of (SEQ. ID. NO.:7), 
or an enzymatically active' fragment thereof, and a second polypeptide segment capable of 
infiltrating the cell, whereby the fusion protein is taken up by the cell and the PAPSS2 
polypeptide segment i/ enzymatically active therein. 

105. Th/ protein therapy method of Claim 104, wherein the second polypeptide 
segment is an human immunodeficiency virus TAT protein. 

106. / The protein therapy method of Claim 104, wherein the osteoarthritic disorder is 
spondyloepimetaphyseal dysplasia, Stickler syndrome, spondyloepiphyseal dysplasia, 
achondrogenesis, achondroplasia, chondrodysplasia, diastrophic dysplasia, pseudoachondroplasia, 
or multiple epiphyseal dysplasia. 

107. A kit for the treatment of osteoarthritic disorders caused or aggravated by 
deficient enzymatic sulfation activity, comprising: 
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a fusion protein comprising a first PAPSS2 polypeptide segment that comprises an 
acid sequence of (SEQ. ID. NO.:7), or an enzymatically active fragment Jhereefrlind a second 
polypeptide segment capable of infiltrating the cell; and 

instructions for using the fusion jpiptejpfor treating osteoarthritic disorder(s) caused or 
aggravated by deficient Gnzyn&atixfffifation activrt 

108. Ihe-iafof Claim 107, wherein the second polypeptide segment is an human 
immunodeficiency virus TAT protein. 
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